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EG 365-FLUID MECHANICS 

LAB EXPERIMENT - CENTER OF PRESSURE

Objective

The purpose of this lab is to experimentally determine the centers of pressure of a wholly submerged body, and to compare these with theoretically obtained values.  You will need to take data to do the following:

a. Measure the center of pressure of a vertical plane area at various depths of      

immersion.

b. Measure the center of pressure of the general case of a plane area at various depths 
of immersion.

Description of Apparatus

The apparatus permits the moment due to the total fluid thrust on a wholly or partially submerged plane surface to be measured directly and compared with theoretical analysis.  Provision is made for varying the inclination with the vertical of the plane surface subjected to the fluid pressure so that the general case may be studied.

The water is contained in a perspex quadrant, the cylindrical sides of which have their axes coincidental with the knife-edged fulcrum about which the turning moments are measured.  The total fluid pressures on these curved surfaces therefore exert no moment about the fulcrum, the only moment present being that due to the fluid pressure on the plane test surface.  This moment is measured simply by weights suspended from a level arm.  The head of water is measured directly against a transparent scale mounted on the apparatus.

Theory

It is often necessary to calculate total hydrostatic forces, either on a submerged structure or on a portion of fluid isolated as a free body.  Consider the problem of determining the force exerted by a fluid on any body.  On each elemental surface area dA of the body will be exerted a normal hydrostatic force (hdA, h being the depth of that element below the surface.  The resultant hydrostatic force could be considered as acting at a single point of the surface.  This point on the surface of the body is called the center of pressure.

Refer to the diagram on the next page.

Theory shows that   
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 distance from O to the centroid CG of the surface.
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= second moment of area of immersed surface about the horizontal axis through CG.
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Experimental determination xp
For equilibrium of the experimental apparatus, moments about the pivot P give:

F y=W s.

Where y= distance from pivot to center of pressure

         W= Weight added to hanger 

          s = distance from pivot to hanger

Therefore 
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Therefore 
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Where r = distance from pivot to rectangular surface
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h

 = depth to water surface from top of rectangular surface
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=angle of inclination of rectangular surface

Procedure

The free standing unit should be placed near a water tap to minimise spillage of water.  Initially, and after setting the quadrant in the chosen angular position, a preliminary balance must be made using the empty weight hanger and the adjustable beam jockey weight.

Subsequent results are taken by balancing incremental weights placed on the hanger with extra quantities of water.  It is convenient to add the water from a small lipped measuring cylinder, and any surplus can be removed with a tube.

Due to the fact that the equipment is quite compact, students should get into five groups, and each group will make one measurements as follows:

Group 1at 0 degrees inclination, group 2 at 10 degrees, group 3 at 20 decrees. Group 4 at 30 decrees and group 5 at 40 degrees.

Present the entries as shown in the table below.
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Note

For the equipment used,

 L= 10 cm

b= 7.3 cm

r= 10 cm.

s= 25 cm

Give a visual display of relationship between the observed and theoretical values of the center of pressure xp by giving a plot of the experimental value against the theoretical value.
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